C-reactive protein (CRP) and serum amyloid A (SAA) are acute-phase proteins mainly synthesized by the liver in response to some cytokines. They are potentially useful to diagnosing infection and monitoring different clinical conditions. The aim of this study was to measure SAA and CRP in maternal and cord blood during and after delivery and try to correlate these proteins with tumor necrosis factor-α, interleukin-1β, and interleukin-8. Acute-phase proteins and cytokines were measured by ELISA in 24 healthy pregnant women undergoing vaginal delivery or Cesarean section. Cord blood samples in addition to maternal blood were collected. SAA and CRP reached the maximum maternal serum levels 24 hours after delivery, while cytokines remained constant over time. SAA and CRP were significantly higher in maternal serum than in newborn's (P < .001) at the moment of delivery. SAA and CRP, regardless of the type of delivery, reproduce the common pattern observed in most inflammatory conditions. Proinflammatory cytokine serum levels do not mirror the increase in SAA and CRP levels.
INTRODUCTION
C-reactive protein (CRP) is an acute-phase protein whose levels in blood rise up to 1000-fold in response to injuries, trauma, infection, inflammation, and neoplasia [1, 2, 3, 4] . Because of the potential usefulness of CRP to diagnosing infection in pregnant women, many studies have described alterations of CRP during pregnancy, labor, and postpartum in normal conditions and disease. Humans have another important acute-phase protein besides CRP: serum amyloid A (SAA) [1, 2, 4, 5, 6, 7] . The determination of SAA has improved in recent years, prompting studies that attempt to establish comparisons with CRP [1, 7, 8, 9, 10] , as well as its usefulness in monitoring different clinical conditions [2, 4, 5, 8, 9, 11, 12, 13] .
CRP and SAA display a similar pattern in most inflammatory diseases, reaching a maximum serum conCorrespondence and reprint requests to Ana Campa, Departamento de Análises Clínicas e Toxicológicas, Faculdade de Ciências Farmacêuticas, Universidade de São Paulo, SP-CEP 05508-900, Brazil; anacampa@usp.br centration about 24 hours after the inflammatory process sets in and then slowly decreasing. SAA has been considered better than CRP to monitor or diagnose viral infections and noninvasive or early invasive bacterial infections [7, 11, 12, 13] . An additional advantage of SAA seems to be its sensitivity in the diagnosis of transplant rejection, particularly in the case of renal grafts [14] .
Here, we compare CRP with SAA in serial blood samples taken during vaginal and Cesarean delivery. Our interest in establishing normal values for the concentration of these two acute-phase proteins in labor and postpartum also led us to seek a correlation between acutephase proteins and some inflammatory cytokines. The reason for this investigation was based on our previous studies, which showed that SAA is a potent stimulus for the release of proinflammatory cytokines in leukocyte cultures [15, 16, 17] . Although some studies determined the concentration of cytokines in maternal and cord blood and their correlation with cervical dilatation [18] , neonatal disease [19] , gestational age newborn [20] and perinatal period [21] , none of these studies tried to correlate cytokines with the acute-phase protein SAA. 
MATERIAL AND METHODS
This study was approved by and followed the guidelines of the Ethical Committee of the Hospital Universitário and Faculdade de Ciências Farmacêuticas at the Universidade de São Paulo, Brazil. All the subjects were informed of the aims and procedures of the investigation and gave their written consent.
Pregnant human subjects
Healthy pregnant women volunteers were recruited for this study upon their admission for delivery at term. Entry criteria for all the subjects included no known health problems, and no autoimmune, infectious, or inflammatory diseases. The subjects had been in delivery at term (around 39 weeks), with rupture of membranes less than 6 hours prior to delivery. The first group comprised 12 women (aged 21 ± 4 years) in term labor who underwent a vaginal delivery. The second group consisted of 12 women (aged 26 ± 7 years) in term labor, who developed some form of complication during labor (dystocia or fetal distress) and had undergo Cesarean section delivery.
Collection of blood
Serum samples were collected from each volunteer at the moment of admission with signs of labor, immediately postpartum (with a concomitant cord blood specimen), 24 and 60 hours after delivery. The serum samples were stored at −70
• C until the determinations were made.
Enzyme immunoassay for CRP, TNF-α, IL-1β, and IL-8 Samples of serum were thawed and assayed in batches in a semiautomated analyzer (Immulite System, Diagnostic Products Corporation, Los Angeles, Calif) for chemiluminescent enzyme immunoassays (ELISA) using commercial kits. The analytical sensitivity and accuracy for CRP, TNF-α, IL-1β, and IL-8 were 0.01 mg/dL, CV 7.3%; 1.7 pg/mL, CV 3.2%; 1.5 pg/mL, CV 4.2%; and 2.0 pg/mL, CV 3.7%, respectively.
Enzyme immunoassay for SAA
Samples of serum were diluted 1:20, 1:500 or 1:5000, and then tested through ELISA on 96-well microtiter plates (Phase Range Serum Amyloid A Assay, Tridelta Development Limited, Maynooth, Kildare, Ireland).
Statistical analysis
Since the data obtained were not symmetrically distributed, log-transformed results were used for statistical analysis in order to obtain approximately normal distribution. All analysis was performed using statistical software (SPSS version 8.0) and was evaluated by analysis of variance, t test, and correlations.
RESULTS
The serum concentrations of SAA, CRP, TNF-α, IL-1β, and IL-8 in maternal blood at the moment of admission, during and after delivery were determined in two different groups: vaginal delivery (VD) and Cesarean delivery (CD) ( Table 1) . A parallel increase of SAA and CRP concentrations was observed at 24 and 60 hours postpartum, with maximum values at 24 hours (P < .01). A difference was found between VD and CD (P = .01) only for CRP; this difference was observed after 24 and 60 hours. The maternal serum concentration of TNF-α, IL-1β, and IL-8 remained constant during all the periods of collection, regardless of the type of delivery.
All the parameters measured in maternal blood at delivery were also determined in cord blood. Given that no differences were found in cord blood samples obtained in both VD and CD, the data were grouped and further compared with maternal serum (Figure 1) . No correlation between maternal and cord blood values was found for any parameter. However, significant differences were observed in SAA, CRP, and TNF-α between maternal and cord blood. The concentrations of SAA and CRP were much higher in maternal blood than in cord blood (P < .001). The concentration of TNF-α in cord blood was slightly higher than in maternal blood (P < .05). 
DISCUSSION
The concomitant increase in SAA and CRP reproduces the common pattern observed in most inflammatory conditions [13] . The CRP values after delivery increased 10-to 20-fold when compared with those recorded upon admission, which were similar to the clinical reference value (lower than 0.5 mg/dL). The increase in SAA during delivery was higher than CRP, which was 20-to 30-fold higher than upon admission ( Table 1) . The acute-phase response during delivery possibly protects the mother from the injury and mechanical effects of labor and these increased levels may be associated with host defense mechanisms. CRP increases bacterial phagocytosis and promotes the clearance of death cells [22] . SAA causes the priming of neutrophils, which contributes to bacterial death [23] , and activates the synthesis of proinflammatory cytokines [15, 16, 17] . Moreover, SAA seems to induce adhesion, migration, tissue infiltration, and secretion of neutrophil enzymes [5] . All these activities indicate an important role in host defense, prevention of infection, and repair.
The increase in acute-phase proteins observed in inflammatory conditions usually relates to the intensity of injuries. In delivery, the intensity of stress in CD may be higher than in VD. Our findings indicated that CRP discriminates between the two conditions, while SAA does not. Be that as it may, our data highlighted the difficulty of using CRP and SAA as markers of maternal infection in the postpartum period.
In earlier reports, we showed that SAA is a potent stimulus for the release of proinflammatory cytokines by leukocytes [15, 16, 17] . However, although SAA is high in maternal serum in the postpartum period, it does not correlate with serum concentration of cytokines. Cytokines are important in many stages of pregnancy and labor [24, 25, 26, 27] , are locally produced in gestational tissues, and are present in cervico-vaginal and amniotic fluids. Nevertheless, these events are not reflected in the maternal serum, as revealed by the unaffected levels of TNF-α, IL-8, and IL-1β during delivery (Table 1) . Therefore, the production and effect of cytokines seem to be strictly localized and the same may be at least partially true for SAA.
Even though SAA is active in leukocytes, when the SAA is bound to high-density lipoprotein (the form present in serum), it does not trigger a stimulatory effect on leukocytes [15] . A localized effect of SAA has been foreseen in tissues that express this protein, for example, placenta [28] .
Although the concentration of SAA and CRP in the mother's serum at the moment of delivery is, in some cases, slightly higher than the basal level, in all the cases studied it was much higher than the levels found in cord blood. This finding reinforces the idea that there is a lack of transplacental transfer of these proteins during labor [1] . Thus, any increase in the newborn CRP and SAA levels may be a sign of infection or trauma. With regard to cytokines, it was observed that concentrations of TNF-α were higher in cord than in maternal blood in every case. The concentration of TNF-α in cord blood may originate exclusively from fetal and placental tissues and may contribute to neonatal host defense [29] .
In conclusion, our findings show that the kinetics of the acute-phase proteins SAA and CRP, independently of the type of delivery, were similar and can not be correlated with maternal levels of cytokines. SAA and CRP could not be used to diagnose maternal infection in the postpartum period, but may be useful to diagnosing neonatal diseases.
